Limited visibility is one of the problem in underwater imagery. As the images captured in deep blue or green ocean, the visibility becomes restricted as the color spectrum is filtered or absorbed by the water medium. This results the objects to be hardly seen and differentiated from the background. The propose method which is called integrated dehazed image fusion (IDF) superimposes two main steps in improving the visibility of the object in deep underwater image. At the beginning, the modified homomorphic filtering is applied to the input image to improve the homogeneous illumination of the image between the background and foreground. Dehazing process is then implemented with integrated of contrast boosting mechanism, followed by dual image fusion technique. Finally, the image is applied with specific local histogram enhancement with adaptive mechanism to improve the local contrast of the image. Implementation of dehazing process improves the effect of homogeneity in the output image which prevent the image from having imbalance color between fore-and background. Superposition with contrast enhancement improves the overall contrast quality of the image. Qualitatively, the output image has better contrast and visibility compare to the current stateof-the-art methods, beside the improvement of overall image color.
I. INTRODUCTION
Underwater imaging technique is one of the important developing modern techniques. This technique obtains highly considerable attention within recent years. Underwater imaging technique is normally used in underwater vehicle especially underwater mobile robot [1] . Underwater imaging is also become a crucial as it required for marine monitoring and inspections. Nevertheless, underwater imagery has a few problems that, so far could not be adequately addressed. Underwater images are distorted as the color spectrum that travels in water medium is absorbed and filtered out. This causes the color spectrum with low wavelength is first to be eliminated, causing the image to become low contrast and low performance in color. On the other hand, scattering effect of the light once it travels in water medium contributes towards the filtration of the color spectrum.
In other reports [2] [3] , absorption and scattering phenomenon play a more important role in underwater optical image formation. The effects of forward scatter and backscatter contribute towards the blurring images of underwater. As the light travels in water medium is deflected from its original path, it causes the image to obtain a low number of light, and thus, resulting the image to have forward scattering effect in which low contrast and blurring will be produced. On the other hand, backscattering occurs when the light is deflected towards the camera before it reaches the object. This backscattering is also known as marine snow which cause the captured image to have the bright points.
In this paper, the proposed integrated dehazed image fusion (IDF) method consists of four main steps: i) modified homomorphic filtering, ii) dehazing with enhanced contrast, iii) dual image fusion, and iv) specific local histogram with adaptive mechanism. The proposed IDF method is designed to addressed the visibility problem of underwater, and thus, improves the image contrast and minimizing the blue-green illumination effects. In section 2, the related works specially on underwater image is discussed. In section 3, a details methodology is presented, followed by section 4 where the results are discussed. The paper is concluded in section 5.
II. RELATED WORK
Nomura et al. [1] proposed a color correction method for underwater image on the basis of multi-illuminant estimation. In this work, they assume the color distortion as the color cast which is illuminated by light sources. For the implementation of the method, the have captured underwater images by exposure of bracketing imaging. In this process, multiple images are captured with different exposure times. They fuse an image in which the attenuation differences in the spectra information of incoming light are mitigated. Further, a multiilluminant estimation is applied to the fused image in order to reconstruct the image. The authors compare four example of underwater images. The overall image contrast is improved but there are some hazing effects in some areas in the output images, producing a thin layer of white filter in the image.
Li et al. proposed a dust removal in high level turbid
underwater image based on convolutional neural network. In their work, two-parts dust removal are proposed [2] . Underwater red and green minimum prior channel descattering is used to remove the fine dust in the first stage. In the second stage, dust removal technique which is based on convolutional neural-network is used to strengthen the effect of dust removal. The proposed method modifies the Koschmieder model [3] which describes the atmospheric effects of weather on an observer. From the output image, it could be concluded that the proposed method improves the overall image contrast. However, in terms of dusk removal, the proposed method inadequately minimizing the dusk since the resultant image retains parts of the floating dusk. In addition, the proposed method produces the over-exposure effect as some areas and color become too bright. [4] conducted a research to increase the visibility of underwater ghost images in low illumination. In the proposed method, the effects of seawater on the quality of ghost imaging (GI) are analyzed theoretically and experimentally. The proposed GI technique is claimed to increase the visibility while robust to turbulence. On the other report, Lu et al. [5] proposed a multi-scale adversarial network for underwater image restoration. In the proposed method, image restoration method is based on transferring an underwater style image into a recovered style image by means of Multi-scale cycle generative adversarial network (MCycle GAN) system. Quantitative evaluation namely the structural similarity index measure loss (SSIM loss) is included into the proposed system to provide more flexibility to the detail model structure in order to improve the image restoration performance. In addition, the application of dark channel prior (DCP) is used to get the transmission map of an image and design an adaptive SSIM loss to increase the quality of the image. The information is located in the network for the multiscale calculation and thus, stores the combined information of DCP and cycle-consistent adversarial network (CycleGAN).
Liu et al. [6] proposed polarization on the basis of exploration for better underwater vision in natural illumination. The polarization model is proposed to address the scattering and absorption effects in underwater medium. From the conducted research, it is informed that the target light is unpolarized while the backscattering light is partially polarized. In the proposed method, the backscattering light will be estimated and eliminates. The distance information of the target scene will be derived using the a distance-based Lambertian model. Thus, the estimation of the intensity loss which is caused by the water absorption will be obtained. It is also reported, that, from the experiment, the developed model could handle the degradation effect in water medium. From the given sample images, the proposed method is able to improve the visibility of the foreground image. However, the background image is still retained the unclear visual.
On the other hand, image contrast enhancement based on recursive-overlapped contrast limited adaptive histogram specification and dual-image wavelet fusion [7] has implemented the fusion process from single image. The similar dual-image fusion method has been applied in the integrated method of dark-stretched image fusion and pixel distribution shifting (DSF+PDS) [8] which modified and improved the original developed technique of image fusion from homomorphic filtering and image fusion (HFIF) method [9] . These successful implementation of dual fusion image from single image has been proof that, the proposed fusion technique is one of the reliable technique for underwater image quality improvement.
Wu et al. [10] introduced an underwater image restoration method based on color correction and non-local prior. Color correction and image dehazing algorithms are used in the proposed method to improve the overall underwater image quality as a result of color attenuation in water medium. In the proposed technique, the global background light is estimated using a hierarchical search based on combined information of quad-tree subdivision and ocean optical properties. On the basis of underwater optical imaging and depth decomposition, underwater color correction is proposed. Then, non-local image dehazing algorithm is adopted to restore the color of underwater image. From the sample images, it could be seen, that the proposed technique is able to improve the overall underwater image quality and increases the visibility of the resultant images. However, the proposed technique inadequately minimizing the blue-green illumination as the effects retains in the output images.
Suresh and Abdul Ghani [11] has improved the tracking mechanism of mobile robot based on modification of Hue-Saturation-Intensity (HSI) color model. However, the application of the proposed method is more suitable for gray image. On the other hand, Abu Hassan et al. [12] implemented homomorphic filtering and mean histogram matching to increase the capability of object tracking especially in low illumination environment. They have successfully improved the overall contrast and visibility of the resultant images and produces more natural output images without over-saturation effects.
Next section describes the proposed method in details.
III. METHODOLOGY
The proposed method consists of four major steps: i) modified homomorphic filtering, ii) dehazing with enhanced contrast mechanism, iii) dual image fusion and iv) specified adaptive local histogram enhancement approach. These major steps have been superimposed a new designed process called integrated dehazed image fusion (IDF). The proposed method begins with implementation of modified homomorphic filtering with the mechanism of homogeneous fore-and background approaches. Dehazing with boosted contrast enhancement is then applied to the image to improve the mechanism of haze removal which has the capability of contrast enhancement. In underwater image, blue-green illumination is regarded as the haze with low frequency signal. Thus, haze removal is included in the designed method to reduce the effect of blue-green illumination and consequently, improve the overall contrast of the image. The mechanism of contrast enhancement is again improved with the designed step of dual-image fusion. Dual image fusion is applied based on the superposition of two images created by stretching half of the original image, producing two independent images which have extreme properties of over-enhance and underenhance effects. These image will be then integrated. Finally, the image is applied by means of specific local histogram enhancement with adaptive mechanism of visibility improvement. The details steps will be explained in the following subsections.
A. Modified homomorphic filtering
Homomorphic filtering is used to produce a constant illumination background. Homomorphic filtering consists of high pass filter that allow high frequency signals while blocks the low frequency signal. In underwater images, blue-green illumination is regarded as low frequency signal and need to be filtered out in order to have a clear vision on the underwater environment and its background. In this steps, the image is first converted into natural logarithm domain. This step will separate the reflectance and low-frequency illumination. Fast Fourier Transformation (FFT) is applied to the image and Butterworth high pass filter is implemented. The image is then applied with inverse FFT before it is converted back into normal image. Modified homomorphic filter, is given by . is the original filtered image. The additional and parameters results the image becomes sharper and the object contrast increases as the border between the background and the objects improved and better differentiated. The modification is initiated by Steve [19] to improve the contrast of gray scale image. Figure 1 shows the flowchart of the proposed IDF method. 
B. Dehazing with enhanced contrast mechanism
In the proposed method, dehazing step consist of five main sub-steps. In this step, the dark channel prior is used to estimate the atmospheric light, followed by estimation of the transmission map. The transmission map is then refined. The process is followed by restoration and postprocessing. In the following equation, I(x) is the observed intensity, J(x) is the scene radiance, A is atmospheric light and t is the medium transmission map and which describe the light portion which reaches the camera and not scattered. The observed image intensity is given by .
In the proposed technique, the atmospheric light, A is estimated using the top 1% bright pixels of the dark channel while the transmission map is estimated using the atmospheric light and dark channel. After that, inverse Koschmieder Law is used to recover the scene radiance. However, the original dehazing process will produce low contrast image. Therefore, the image is boosted with contrast correction mechanism to improve the overall contrast of the image.
C. Dual Image Fusion
After applying the dehazing mechanism, the image is applied with dual image fusion technique which adds the additional contrast enhancement mechanism and consequences corrects the contrast of the image [9] . Dual image fusion in the proposed step divides the original image histograms into two regions namely upper and lower regions, before they are stretched individually. These regions will have the effect of over-and under-enhanced.
The stretched image of upper and lower regions will then superimpose based on their mean intensity values to produce a better result whereas the output image from this superposition is clearer and contains the mean pixel value between the upper and lower stretched regions . The superimpose process will balance the resultant image as the output pixels are calculated based on the mean values overand under-enhanced areas. 
D. Specific local histogram enhancement with adaptive mechanism
After the global contrast correction, local specific histogram enhancement is implemented with the adaptive mechanism to cater the problem of low local contrast. The image contrast will be improved as the contrast for a particular small areas are considered based on the surrounding environment of that particular areas. For this purpose, contrast limited adaptive histogram specification (CLAHS) is implemented. For this purposed, the image is divided into small tiles and each tile will be processed independently. In the proposed method, 8 X 8 tiles are produced which divides the image into 8 columns and 8 rows. Figure 3 illustrates the process of CLAHS which divide the image into tiles. The individual tile is processed based on Rayleigh distribution to produce a better visibility of the image and remove blue-green illumination color cast. This number of column and row are based on the best analysis and practice of underwater images. In addition, the distribution of the pixels is based on Rayleigh distribution. CLAHS basically consists of four major steps. It starts with division of image into tiles, proceed with implementation of clip-limits to restrict the excessive number of pixels for particular intensity levels. Then, histogram specification with respect to Rayleigh distribution is applied. Finally, the tiles are then composed using bilinear interpolation.
IV. RESULT AND DISUCSSION
To prove the capability of the proposed IDF method, the proposed method is applied to recover the quality of underwater images in terms of contrast and visibility. Underwater images that suffer from low contrast, low visibility and high effect of blue-green illumination are used and the proposed IDF method is run for these images. In addition, some state-of-the-art methods are used to compare with the proposed IDF method. These methods are pixel distribution shifting color correction (PDSCC) [13] , contrast limited adaptive histogram equalization (CLAHE) [14] , unsupervised color correction (UCM) [15] , Mixture contrast limited adaptive histogram equalization (mix-CLAHE) [16] , dehazing [17] and white patch (WP) [18] . The results of the samples images are shown in the following figures. The sample image and database are taken from https://sites.google.com/ump.edu.my/shahrizan/databasepublication .
As shown in the sample images, all original underwater images are suffered from blue-green illumination. The objects are not clear and hardly seen. The objects are also difficult to differentiate from the background. Visibility level is very low and the object color is not natural as it is filtered by blue-green illumination of water medium.
From the resultant images, it shown that the state-of-theart methods such as ASSOC, CLAHE, Mix-CLAHE, dehazing, and white patch methods are able to reduce the effect of blue-green illumination to a certain level. However, the contrast of the output images is still low and the objects' colors are still filtered by blue-green illumination of water medium, causing the objects' colors to become bluish or greenish. It is also noted, that UCM method produces reddish output image.
From the 3D RGB color distribution map beside the images, most of the images contain more blue-green effects and the color distribution near to blue and green axes. In addition, the output color is greenish. On the other hand, the proposed IDF method adequately improves the overall image visibility as the objects in the image are better differentiated from the background. Objects color are enhanced and the details is improved. In terms of histogram, the proposed method has successfully and widely distributed the pixels through all RGB channels. As seen from the output figures, the proposed IDF has the widest pixels' distribution as shown by the 3D distribution map beside the images. This shows that the proposed method has the highest contrast and details as compared to other state-of-the-art methods. 
V. CONCLUSION
The proposed IDF method consists of four major steps namely modified homomorphic filtering, dehazing with contrast enhancement, dual image fusion, and specific local histogram enhancement with adaptive mechanism. As discussed in results and discussion section, the proposed IDF method has successfully improved the overall image visibility and increases the image contrast. From the qualitative evaluation, the objects in the images are better differentiated with the image background while the intensity level of the output images are widely distributed. This wide spreading of intensity levels is observed through the 3D RGB color histogram representation as the proposed method produce the widest distributed 3D RGB color histogram. On the other hand, it could be seen that the proposed method has successfully minimizing the effect of blue-green illumination and thus corrects the object color in the images. The objects' color become more natural in the output images. As conclusion, the proposed IDF has successfully improved the overall image quality with targeted high visibility.
The improved visual mechanism will be improved for better visibility in water medium especially in the sea. The successful of the underwater visual mechanism will be implemented to the underwater vision module for underwater application such as for underwater vehicle or robot.
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